The 305 m Arecibo telescope equipped with a 1 MW 2.38 GHz transmitter is used for studies of the terrestrial planets, planetary satellites including the Moon and small bodies in the solar system. Much of the recent program emphasis has been on astrometric and characterization observations of near-Earth objects for which the Arecibo radar system has capabilities not matched by any other Earth-based telescope. However, studies of the surfaces of Mercury, the Moon and Mars continue and renewed observations of Venus are planned.
Introduction
The 1990s upgrading of the Arecibo telescope and 2.38 MHz radar system resulted in Arecibo having 20 to 30 times the sensitivity of the only other significant radar system used for solar system studies, the one on the 70 m NASA DSN Goldstone antenna [1] . Arecibo's sensitivity means that it is the dominant instrument for high quality Earth-based radar imaging and characterization of near-Earth objects (NEOs), imaging the terrestrial planets and studying the radio wavelength reflection properties of outer planet satellites and rings. Observations over the past decade have provided characterization and astrometric measurements of 20 to 25 near-Earth asteroids (NEAs) per year, opened up the field of NEAs as multiple body systems, verified the existence of the Yarkovsky effect and contributed to the verification of the YORP effect, obtained the first non-spacecraft images of cometary nuclei including an apparent contact binary, imaged a number of main belt asteroids (MBAs), studied the radar reflection properties of Titan and the mid-sized satellites and rings of Saturn, and obtained multi-polarization imagery of the Moon and terrestrial planets including high resolution imagery of the distribution of ice deposits at the poles of Mercury.
Radar imaging is the only ground-based technique capable of spatially resolving surface features of a large number of near-Earth objects, providing insight into the near-Earth asteroid (NEA) population. Radar imaging reveals the shape and spin state, which constrains the interior structure: rubble pile, coherent rock, thick regolith or none. This characterization is critical to hazard assessment and mitigation, necessary for understanding dynamical and collisional evolution in the solar system, and invaluable in planning for spacecraft missions. Additional solarsystem studies include observations of main belt asteroids, astrometry on a group of NEAs in highly eccentric orbits with small perihelion distances for tests of General Relativity, measurements of the Yarkovsky effect and measurements of solar oblateness, observations of cometary nuclei and their large particle comas. Studies of the terrestrial planets and the Moon continue with high spatial resolution, multi-polarization mapping of the near side of the Moon and similar measurements on Mercury, Venus and Mars, mapping polar ice deposits, looking for volcanic activity and probing surface and near-subsurface roughness, respectively.
Near-Earth Asteroids
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detailed shape model metric data used for nd in radial velocity. observing targets of over the last 8 years, ty" scheduled within solar shadow is the programs such as the nd, eventually LSST a similar leap in our targets, although the bjects in the 100-to population, as well as rediction accuracy in ed with plane-of-sky ns by a factor of five, capability allows the essed and, hopefully, ry systems [4] , triple o weeks, and several f these small bodies. d results from WISE Torques applied by radiation forces at non-radial directions can either spin an object up or slow it down, depending on the geometry and obliquity [7] . Studies are underway to understand the details of forming binary asteroid systems by this process of spin-up, but in general it seems to explain the frequency, size ratios, and orbit characteristics that are observed. The effects of the YORP and Yarkovsky (a drift in semi-major axis due to reradiation of absorbed sunlight first validated by Arecibo and Goldstone radar astrometric observations [8] ) processes have revolutionized our understanding of not only NEAs, but also main-belt asteroids and solar system formation. In addition to characterization for their own sake, NEAs can be used as "test particles" via precise astrometric measurements for studies of the forces on small bodies in the solar system, for tests of General Relativity and for measurements of solar oblateness.
Comets
Radar echoes from a comet nucleus can be used to directly measure (or constrain) nucleus size, shape, rotation, and surface density and measure the properties of the large (> cm-sized) particle coma. Nine comets have been detected since 1998 with Arecibo. The three most recent of these detections produced nucleus delay-Doppler images, including images revealing Comet 8P/Tuttle to be a contact binary ( Fig. 3; [9] ) and 103P/Hartley 2 to be an elongated body, a result supported by the EPOXI flyby of this comet in November 2010. Other potential radar- 
Other Programs
Radar observations of main-belt asteroids (MBAs) concentrate on compositional tests based on bulk density and metal content and on shape determination [10] . Main-belt observing opportunities are rarer than NEO opportunities with imaging opportunities arise about twice per year. Particularly good imaging opportunities for 342 Bamberga in 2013 and 4 Vesta will occur in 2014.
Arecibo will continue to be used for studies of the likely ice deposits in shadowed craters at the poles of Mercury. Short of an orbiting radar system, the Arecibo's imaging capability will remain the only way to map these deposits [11] . Ongoing Mars observations are being used to image volcanic and other features at 3 km resolution.
Detecting active volcanism on Venus is a major objective of studies of this planet. Long-term monitoring with Arecibo has the possibility of detecting changes on the surface related to volcanic activity. The installation of an S-band receiving system on NRAO's upgraded Very Large Array (EVLA) opens the possibility of much higher quality imagery of Venus using the EVLA as a receiving antenna.
Arecibo is currently being used to obtain high resolution, multi-polarization imagery of the Moon using both the 13 cm (S-band) and 70 cm radar systems. This program will continue until the entire near-side of the Moon has been imaged.
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